The present paper introduces three key dimensions of research, innovation and commercialisation as fundamental requirements to achieve technology-based economy which makes the country a developed (advanced or industrialised) one. The mathematics of these three dimensions is not easy, rather complicated and multi-dimensional and requires a strong commitment from three players of government, academia and industry. The paper also outlines the key requirements to implement right strategies and policies in implementing the research, innovation and commercialisation concept. The results clearly show that a true economic independence is not possible without technology development and that research and innovation are two key prerequisites for technology development.
Introduction
Countries have become increasingly aware of a crucial requirement for implementing of research, innovation and commercialisation (RIC) for more value-added economic activity and wealth creation, greater prosperity, and more investments in health, education, environment, etc., which will ultimately raise the standing of country to a developed one. Countries, which were able to establish their economic and educational system on the RIC concept (as illustrated in Figure 1 ), have developed themselves to become industrialised countries with high GDPs. There is simply no magic behind it, rather than implementing RIC concept effectively and efficiently through the policies, strategies, plannings, programs and road maps. It is important to note that the concept of RIC is not fully understood by many individuals and organisations for implementation in various sectors in specific and countries at large. The open literature is very broad and covers various aspects of the RIC along with entrepreneurship mechanisms. Although the open literature lacks the critical information, strategic planning and road map development, there are numerous studies available to provide noteworthy guidance on several aspects of RIC concept. Some of these are summarised below. Aarikka-Stenroos et al. (2014) highlighted in their paper that networks make a contribution not only to research and development but also to commercialisation, rather than a single company, which is rarely capable of generating successful diffusion in the commercialisation of an innovation. They emphasised that success often requires cooperation between individual actors and organisations, and support from stakeholders and that the role of network aspect of commercialisation is extremely important. According to their findings, customers and users, distributors, complementaries, suppliers, investors, associations, public organisations, and policy makers and regulators can support commercialisation by performing practical commercialisation tasks, facilitating innovation adoption/diffusion and creating markets. Their results also indicated a need to develop coherent conceptualisations and accumulate knowledge that would strengthen the theoretical basis of the research. Weckowska (2015) discussed the role of university technology transfer offices (TTOs) in the process of commercialisation of academic research and indicated that such TTOs need a wide range of abilities to facilitate commercial exploitation of research outputs since people know relatively little about how these important abilities are developed and refined overtime. He aimed to draw attention on the practice-based studies of learning to create a novel conceptualisation of learning processes and their outcomes in TTOs and show that this conceptualisation of learning provides new empirical insights into how learning in TTOs shapes their commercialisation practice. Purchase et al. (2016) presented a recent study to investigate innovation paths, their events and resource use for a wave energy development within the renewable energy sector. An in-depth single case study mixed-method methodology was used by them to examine a detailed typology of events and develop innovation paths where one category of resources is predominant (technical and commercialisation), or where the resources are evenly combined (ambidextrous). The results of their case study highlight the early presence of a new innovation path type (ambidextrous), offer a better understanding of the different resources used along each path type, and show that co-occurrence of events (common events) across paths influences path convergence. As a practical implication, the paper underlines the benefits of ambidexterity and the multifaceted role of government within the business network, requiring the focal organisation to re-consider its interactions with various government departments and other agencies. Stek and van Geenhuizen (2016) emphasised the importance on international research interactions, specifically interpersonal collaboration, institutional collaboration and within multinational corporation collaboration as a result of globalisation and rising technological complexity. In their study, patent-based bibliometric indicators are developed to investigate the influence of different types of IRI on innovation performance using bibliometric data covering eight knowledge intensive manufacturing sectors and 32 countries during the 2003-2008 period. This sector-based approach avoids some of the problems of using patents as innovation indicators, like varying patenting propensities across sectors by comparing the same sectors across countries.
Oberg and Shih (2014) discussed similarities and differences in the priorities, interests, and interactional goals of companies involved in the development and commercialisation of innovation by referring to priorities, interests, and interactional goals as the logic of firms, and point to how differences among companies in these regards may enable or inhibit the development and commercialisation of innovation. They also presented a case study in drug development, from a Taiwanese biopharmaceutical, illustrating two types of innovations: generic and novel drug development. Wu et al. (2015) conducted a study using the university patent as the unit of analysis to determine how individual and institutional factors affect the likelihood that a patent will be licensed. They used a 2010 national survey of academic scientists in the USA in which respondents were asked specific questions about 2006 patents for which they were listed as inventors. They found that the likelihood of licensing is significantly determined by individual factors including inventors' attitude towards commercialisation of research, additional research conducted during patent review, and collaboration with industry scientists on the underlying research. Among institutional factors, university Technology Transfer Office's cost-saving measures positively influence licensing, but industry funding and TTO service effectiveness do not. They also identified two types of inventions: opportunity-based inventions are discoveries that are not foreseen patentable at the outset of projects; intention-based inventions occur on research projects that anticipate commercial outcomes before the start of research. Findings demonstrate that different individual and institutional factors contribute to licensing of these two different inventions. This study provides new insights into the process of commercialisation of university inventions. Marx and Hsu (2015) presented a synthetic framework in which a technology entrepreneur employs a dynamic commercialisation strategy to overcome obstacles to the adoption of the firm's ideal strategy. Whereas prior work portrays the choice of whether to license a new technology or to self-commercialise as a single, static decision, they confirmed that when entrepreneurs encounter obstacles to their ideal strategy people can nevertheless achieve it by temporarily adopting a non-ideal strategy. They referred to the sequential implementation of commercialisation strategies, in which the first strategy enables the second, as a switchback -reminiscent of zigzag paths that enable passage up steep mountains. They analysed conditions under which switchbacks can be effective in enabling the entrepreneur's ideal commercialisation strategy given the attending costs, risks, and likely incumbent response.
Lam (2011) presented a study employing the three concepts of 'gold' (financial rewards), 'ribbon' (reputational/career rewards) and 'puzzle' (intrinsic satisfaction) to examine the extrinsic and intrinsic aspects of scientists' motivation for pursuing commercial activities. Their study is based on 36 individual interviews and an online questionnaire survey of 735 scientists from five major UK research universities. It finds that there is a diversity of motivations for commercial engagement, and that many do so for reputational and intrinsic reasons and that financial rewards play a relatively small part. Their paper draws on self-determination theory in social psychology to analyse the relationship between scientists' value orientations with regard to commercial engagement and their personal motivations. It finds that those with traditional beliefs about the separation of science from commerce are more likely to be extrinsically motivated, using commercialisation as a means to obtain resources to support their quest for the 'ribbon'. In contrast, those identify closely with entrepreneurial norms are intrinsically motivated by the autonomy and 'puzzle-solving' involved in applied commercial research while also motivated by the 'gold'. Their study highlights the primacy of scientists' self-motivation, and suggests that a fuller explanation of their commercial behaviour will need to consider a broader mix of motives to include the social and affective aspects of intrinsic motivation. They finally argue that policy to encourage commercial engagement should build on reputational and intrinsic rather than purely financial motivations.
The main objective of this paper is to introduce the concept of RIC as a critical path to achieve technological advancement, to convert knowledge into technological products and to provide country with prosperity and high quality of life. It also discusses how to cultivate an innovation culture, prepare a strategic plan with right policies and strategies, and develop a road map for tangible outcomes. Furthermore, several other relevant aspects are introduced in relation to institutional characterisation, impactful research, entrepreneurship, partnership, program development, etc. Some practical examples are given to highlight the importance of the RIC concept and its implementation.
RIC concept
During the past decade the RIC concept has received increased attention by many individuals and institutions for their countries to set the goals, prepare the strategic plans and road maps, foster innovation culture and innovation-based educational programs, develop logically lined-up funding programs, encourage partnerships, provide incentives, promote academic freedom, etc., which lead to a versatile ecosystem to allow countries to advance, develop and become prosperous. An illustration of what a true implementation of RIC concept can achieve in country is shown in Figure 2 as what we can call is country welfare cycle. As shown in Figure 2 , a country should do RIC which leads to technologies and technological products and hence more economic activities. These bring greater prosperity and wealth created which ultimately lead to better life for people in the country. Since everything comes down to the RIC concept, there is a strong need to provide a 'what to do' list which help people and institutions to follow for their countries as a prescription, which is given as follows:
• prepare strategic plans and road maps for short, mid and long terms
• change the existing non-merit based systems to merit-based systems
• minimise or eliminate autocracy, bureaucracy and hypocrisy
• develop innovation-based educational and training programs
• cultivate innovation culture
• reward creativity and innovation
• implement right policies and strategies
• utilise media channels and tools for public awareness
• implement performance criteria
• promote the idea of employing right people for jobs
• provide better freedom for everyone
• develop funding programs for RIC
• provide incentives to individuals and institutions for RIC
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• promote partnerships among academia, industry and government agencies for RIC
• establish innovation centres
• bring outstanding (brains) individuals to serve as research chairs for predefined strategic areas
• establish centres of excellence in strategically defined areas
• develop RIC offices in academia, industry and government agencies
• match the priorities of academia, industry and government agencies
• build trust among academia, industry and government agencies
• encourage industry to develop labs and centres at universities
• develop sense of belonging
• develop mentorship mechanisms in institutions and organisations
• promote mentality change.
Strategic planning and road map development
It is well-known that importance of strategic planning for countries is a crucial activity, and this exercise is regularly done in developed (industrialised or technologically advanced) countries on a regular base. There are various approaches in performing this kind of exercise, such as science and technology board as appointed by the science and technology minister or prime minister or an ad-hoc panel/board to do the strategic planning in an unbiased manner. These board or panels may have members from various segments of the society, such as academia, industry and government agencies, to make a distinct coverage for a true strategic planning. Such plans may be specific to research or innovation or commercialisation dimension or in a combined manner to RIC concept, which is ultimately targeted domain for successful outcomes of technology developments. Several countries, e.g., the USA, Japan, Korea and Canada have been doing such activities. In Canada, there are even specific requests from the funding agencies, namely Natural Sciences and Engineering Research Council (NSERC) of Canada made to universities, research institutes, research hospitals, etc., to prepare their strategic research plans to be eligible for numerous programs [see specific details about how to prepare a strategic research plan which are available at NSERC (2016)]. The academic and research institutions cannot even apply for various programs (e.g., Canada Research Chairs programs) unless they prepare and update their strategic research plans. NSERC (2016) even provides a complete list of universities and institutes with their strategic research plans. This exercise helps universities and institutes in identifying their strategic research areas (which come out of an internal planning, discussion, evaluation, etc.) to distinguish themselves and create their success stories. It is also equally important to start strategic initiatives accordingly, for example, as follows:
• identify the strategic research areas
• increase public awareness
• develop the resources to advance human health and well-being
• develop critical mass of human capacity
• promote partnerships and collaborations individually and institutionally
• advance institutional capacities in translational research
• promote research excellence through effective organisational systems and infrastructure
• provide education, training and career development activities for researchers
• implement organised mentorship for junior researchers
• improve and develop institutional mechanisms and infrastructure
• promote, nurture and support an innovation culture
• develop financial mechanisms and focused funding programs
• develop mechanisms and resources for commercialisation and technology development. In regards to what needs to be done, this is a follow-up process for a country, after doing its strategic planning exercise, to prepare their road maps for RIC activities. These road maps may be prepared for three periods, for example, short-term (commonly for 3-5 years), mid-term (generally 5-15 years) and long-term (more than 15 years). In order to prepare such road maps, an approach, which is similar to strategic planning, can be used for materialisation. There may sometimes be governmental requests made to the specific universities and institutes to prepare such road maps institutionally as coordinated by the research or science and technology or research and innovation board. Such technology road maps should cover goals, players, partners, periods, programs, mechanisms, tools and evaluations, which is illustrated in Figure 3 . The cycle of this road map preparation requires the primary goals clearly defined for an aimed technology or general for technologies; players required from various sectors, including academia, industry and government agencies; partners identified to achieve the targeted goals; periods defined as short-, mid-and long-term; programs established accordingly; mechanisms introduced to promote, nurture and support the players, partners and others involved; tools provided to help players, partners and others to help expedite the process; and strategies and policies introduced in this direction to help achieve implementation of the subject matter road map. It is also important here to invest in innovation which will be expected to be home to the most rewarding jobs, the strongest economies and the best quality of life. A unique example of this is the Province of Ontario as the Government of Ontario has been able to achieve this with the fact that Ontarians' ability to combine creativity and innovation is helping to provide good local jobs and putting the province on the global stage.
Incentive programs versus legislative or regulatory changes
There is a common practice in developing countries that legislative or regulatory changes (e.g., law change with decree) are made to develop and implement various programs related to individuals and/or institutions for various applications while developed (industrialised) countries do a more careful analysis and evaluation in path identification and decide which one of the routes of legislative or regulatory changes and incentive programs to take for implementation. For example, it took more than seven years in Turkey to develop energy efficiency legislation and approve it in the parliament. It was still then difficult to implement it due to the reluctance of people in order to not fall into legislative trap or illegal issue. It was done through the incentive programs, as a common practice in developed (industrialised) countries (such as Canada, USA and some European countries), it would have been more successful and more fruitful as it is done in those developed countries. It is obvious for people that anything coming by law brings lots of restrictions and complications which fundamentally prohibit people from doing so or make them reluctant in taking attentive action. The bottom line is that countries which are trying to advance the nation technologically and economically need to prefer incentive programs and policies for better implementation and practices about promoting RIC over legislative or regulatory changes. This is simply illustrated in Figure 4 to indicate that the green path will lead to a true path for RIC concept and its implementation. Research is, in general terms, defined as process of learning what is not known by people. It is generally classified into two categories as 1 basic research which is recognised as research with the primary object of discovering things 2 applied (or project) research which is recognised as research with the object of solving a problem that cannot be solved with existing knowledge.
Whatever type of research is conducted, it is important to do it in an impactful manner to achieve the targeted objectives. The question may, in this regard, be asked as what kinds of impacts are expected. One can list the following impacts as ultimate ones:
• knowledge and know-how development
• intellectual property development
• patent development
• technology development
• highly qualified personnel training
• partnership development (with industry, academia, government agencies, non-profit organisations, etc., non-governmental organisations, etc.)
• problem solving (for industry, public, etc.)
• scholarly publications.
Basically, making publication cannot be an ultimate goal of research or specific project. Publications should in fact be treated as side products. However, there are contradicting opinions and practices in developing countries, such as that peer-reviewed publications are treated as the primary goal to achieve and that there are various nurturing and supporting programs to boost the number of publications up by providing financial and academic incentives directly for publications. During past decade this has caused major ethical issues in many countries. Providing direct financial support to researchers is not correct mechanism to help boost the research and provide impactful research. It may inflate the country's standing on the list and will not help the specific country to achieve its ultimate technological objectives. The is also a critical issue with the funding programs developed in many developing and/or some partly/fully developed countries, such as that governments increase the financial share or budget for supporting research (basically research and development expenditure out of gross domestic products) and end up with no progress in developing technologies, except that they just increase the number of publications. It is very critical to develop true policies and strategies to set up the mechanisms to support the research as long as innovation and technology development take place. Before closing this discussion on impactful research, one should note that it requires five key elements (ingredients to make the right combination for a taste product) as follows:
• right people
• right environment
• right resources
• right policies
• right funding mechanisms.
In any process or application or operation everything comes down to people. When research is considered, it still remains the same that impactful research can only be achieved by impactful researchers. It is critically important to recognise the needs of impactful researchers as listed in Figure 5 . This clearly exhibits that an impactful researcher needs an academic freedom to express his/her opinions and manage his/her works freely without constrained by the restrictive policies, bureaucracy and hierarchic structure. This is the most attractive component for North American countries, such as USA and Canada to attract top researchers and let them flourish and be more productive. An impactful researcher also needs facilities and infrastructure provided for his/her research and right policies and strategies implemented by his/her own institution in specific and country at large. Furthermore, an impactful researcher needs substantial funding and highly-qualified personnel (HQP) provided. These all becomes crucial for one to be an impactful researcher. 
Innovation and culture of innovation
Although innovation has become a buzzing word in many things and is misused by many in various settings. The true definition of innovation is that it is a process of creating new things (models, products, processes, services, technologies, etc.). It normally requires a research component. One should keep in mind that "Research without innovation cannot go beyond personal entertainment". In fact, we were not talking this much about innovation 20-30 years ago. The reason was that there was no a stiff economic and hence technological competition. The 20th century has brought complications and complexities about the changing the global dimensions of the world. The research matters have become less meaningful without innovation. It is now a dominating requirement in almost every area to survive. Otherwise, things become history. During the past decade it has become essential for countries to develop a culture of innovation and succeed economically and technologically. A culture of innovation is defined as an environment which supports creative thinking and advances efforts to extract economic and social value from knowledge, and, in doing so, generates new or improved products, services or processes. Canada is one of very few countries which made a remarkable move in developing such a culture in the country through its institutions and organisations. It brings all parties (universities to industries) together. It supports the best ideas in Ontario and builds relationships between all participants in Ontario's innovation ecosystem. Such supports clearly help leverage Ontario's greatest resources, namely its people and their ideas. This is an excellent example for many countries to create their research and innovation ministries to help boost the research and innovation and hence the economic activities. As a final note, academic freedom is seen main motive behind innovation in universities.
Entrepreneurship
Entrepreneurship has become one of the key elements in dealing with RIC concept and is defined as an activity which essentially involves the discovery, evaluation and exploitation of opportunities to introduce innovative products, technologies and services, etc. It is also recognised as a critical element for commercialisation of innovative products and development of spin-off companies. There are several criteria as listed below, which encourage innovation and entrepreneurship activities.
• openness to new ideas
• sense of belonging
• enthusiasm
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• encouragement
• appreciation
• merit system
• environment with no excessive regulation and rigid hierarchy.
These are related to the organisational environment, system implemented, rights and freedom granted, culture followed, etc.
Technology development and requirements
Technology development becomes an ultimate goal in deployment of RIC concept if a country wants to achieve greater prosperity and welfare for its people. We can emphasise the importance of technology development as "Economic independence depends on technological success". In many developing countries there are two critical issues, such as 1 the huge deficit between export (referred to commodities sold out to another country) and import (referred to commodities purchased from another country and brought inside a country) 2 the difficulty in increasing gross domestic product (GDP) and hence difficulty in achieving targeted economic growth.
Obviously, technology development appears to be the only way to reach the targeted economic growth. In this direction, there is a 5P concept proposed as key requirements for technology development as illustrated in Figure 6 . These 5Ps are listed as people (impactful researchers are necessary to start the process in this technological journey), project (there is a need to initiate the projects and provide the necessary funding), partnership (it is a requirement to establish partnerships between academia and industry in particular and other partnerships among academia, industry and government agencies), patent (innovative ideas need to be translated into valuable patents) and proprietary (refers to the commercialisation of the patented technology). It is also important to look at what steps are following in an academic setting to achieve targeted technology developments and commercialisation as shown in Figure 7 . For example, it is a common practice to follow the following steps (e.g., in Canada) to bring an invention by a faculty to a commercialised product, technology or service.
Figure 7
Illustration of the key steps commercialising an idea or invention developed by the faculty member in academia (universities) (see online version for colours)
Roles of government, academia and industry
As mentioned earlier, the partnership of three key players (as shown in Figure 8 ), namely university, government and industry is critical for successful research, innovation, technology development and hence commercialisation. During the past decade, a stiff competition in both industry and academia has drastically changed the way academics and industrialists used to interact. Both have required the government to act as a kind of catalyst. Of course, a true partnership is essential to address or overcome technological, economic, environmental and social issues (Dincer, 2011) . Furthermore, there are other issues from education to health as they also need a specific partnership formed. Here, university can be seen as the heart of this. It can only function properly if it is part of a body. In this case, the body should be formed through partnership with government and industry. These three players of government, academia and industry have prime responsibilities and roles in succeeding to achieve a technology-based economy, rather than a construction based economy (which is seen as balloonic economic activity). Governments are required to play a critical role in fulfilling the following:
• strategic planning
• road maps preparation
• RIC concept implementation
• development of innovative mechanisms (e.g., MaRS, OCE, etc.)
• initiation of innovative funding programs (in a systematic order)
• development of strategic partnership grants for networks
• implementation of centres of research excellence (instead of TPs)
• implementation of research chairship programs.
Universities are expected to fulfil institutional responsibilities and implement the following key requirements:
• strategic research planning
• establishment of vice presidents for RIC (and RIC offices)
• implementation of merit system
• promotion of academic freedom
• creation of mentality change for technoparks
• academic criteria changes
• development of right policies and strategies
• cultivation of culture of innovation
• development of mentorship mechanisms
• promotion of sense of belonging.
In addition, industrial dimension appears to be more sensitive and requires the following steps implemented.
• building trust
• matching priorities
• incentives and mechanisms for partnership
• development of research programs and labs at universities
• fair funding schemes and mechanisms.
Closing remarks
This article discusses the RIC concept and its importance for technology development and makes the following conclusions:
• universities are the critical players in innovation
• faculty members are the critical researchers
• research is the critical path to innovation
• innovation is a prerequisite for technology development
• technology development is a prerequisite for economic independence
• commercialisation is key for industrial development
• the end result should be greater prosperity and high quality of life.
